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LOGIC CHANGES TO THE TWO-IMPULSE PROCESSOR FOR PROJECT APOLLO 

By Jerome A. B e l l  

SUMMARY AND INTRODUCTION 

Pro jec t  Apollo has necessi ta ted changing t h e  ex i s t ing  two-impulse 
d i sp lay ,  which requires  corresponding changes t o  t h e  log ic  of t h e  pre- 
s en t  two-impulse processor. This i n t e r n a l  note  presents  these  changes 
by rev is ing  references 1, 2 ,  and 3. (Ref. 1 revised  r e f .  2.) An attempt 
has been made t o  be consis tent  w i t h  reference 1 de le t ing ,  modirying or 
adding log ic  where required.  

DISPLAY PARAMETERS DElXTED 

The new two-impulse display deletes  t h e  following parameters (symbols 
def ined i n  ref. 2) : 

a. 

b. 

c. 

d. 

Burn t i m e  of each maneuver , ( ATB). 

Burn-ini t ia t ion time of each maneuver (GETB and GMTB). 

Elapsed t i m e  from NSR (ET NSR) 

Gemini platform incremental ve loc i ty  components ( AV,, AVy , 
and AVz).  

e .  Thruster used for  each display. 

DISPLAY PARAMETERS ADDED 

The new two-impulse display adds the  following parameters (symbols 
used i n  flow c h a r t )  : 
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a. P i tch  angle between t h e  window on t h e  ac t ive  vehicle  and t h e  
a c t i v e  vehic le ' s  body X - a x i s  ( A $ ) .  

b .  T ime  i n t e r v a l  between the f i r s t  and second maneuver (AT ) .  

c. 

R 

Central  t r a v e l  angle of the passive vehic le  between the  first 
and second maneuver ( u t ) .  
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d. Impulsive time fo r  each maneuver (GET and GMT). 

e. Elevation angle between t h e  ac t ive  vehic le ' s  l o c a l  hor izonta l  
and the  ear th ' s  horizon fo r  each maneuver 

(bv%AV ' '"EAV 

f .  Impulsive of each maneuver i n  ex te rna l  AV coordinates 
, and AV 

Q. Pitch and yaw of ac t ive  vehic le ' s  body so  t h a t  t h e  window i s  
along a given l i n e  of s igh t  f o r  each maneuver ($view, qview). 

h. Incremental ve loc i ty  components f o r  each maneuver i n  a c t i v e  
vehic le ' s  body coordinate system when window i s  along a given l i n e  of 
s igh t  ( v 8 0 ,  v81 and v82) .  

i. Relative p r i n t  p r i o r  t o  each maneuver. This includes t h e  a z i -  
muth and elevat ion angles of t h e  passive vehicle  from t h e  ac t ive  vehic le  
(qR,  I $ ~ ) ;  it a l s o  includes the  down range, and v e r t i c a l  and l a t e r a l  

displacement of t h e  ac t ive  vehicle  from t h e  passive i n  a curv i l inear  co- 
ordinate  sys tem with the  pos i t i ve  m e s  i d e n t i c a l  t o  t h e  ex te rna l  AV 
coordinate system ( X c ,  Y c ,  and Z c ) .  

LOGIC CHANGES TO REFERENCE 1 

A revis ion of t he  de t a i l ed  flow chart  of Appendix I1 of reference 1 
i s  presented i n  Appendix A of t h i s  note.  The log ic  changes are as 
follows : 

a. Set t he  number of l i n e s  of r e l a t i v e  p r i n t  t o  3 i f  t he  da t a  i s  
required p r i o r  t o  the  f irst  maneuver o r  4 i f  t h e  da t a  i s  required p r i o r  
t o  the  second maneuver. 

b.  Compute r e l a t i v e  displacement ( X c ,  Yc, Zc )  of ac t ive  vehicle  

from passive vehicle i n  cu rv i l i nea r  coordinate system following t h e  
computation of t a r g e t  azimuth and e leva t ion  angles .  

c. Set l og ic  t o  operate as an active-passive nomenclature in s t ead  
of vehicle 1 being t a r g e t  and vehicle  2 being chaser.  
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A rev is ion  of t h e  de t a i l ed  flow chart  of Appendix 111, reference 1 
is  presented i n  Appendix E. The chaxges are l i s t e d  below. Page numbers 
r e f e r  t o  Appendix 111, reference 1. 

a. Compute each maneuver i n  ex te rna l  AV coordinates 
and AVz 

b. Set  engine cant angles of t h e  ac t ive  vehicle  ( E  and E ' ) .  

c. Delete the  computation f o r  burn durat ion and burn i n i t i a t i o n  
t i m e  (page 1). 

d. Delete a l l  log ic  between the  impulsive d i r ec t iona l  p i t ch  and 
yaw computation (page 2) and "K = K + 1" (page 3). 

e. 

f .  

Delete t h e  "Lc: 1" t e s t ;  Go d i r e c t l y  t o  "4" i f  K >2 (page 3). 

Delete t h e  terminal phase test (page 4) .  

g. Compute approach da ta  pr ior  t o  each maneuver. 

h. Compute both t h e  look a n g l e s  t o  t he  t a r g e t  and t o  t h e  horizon 
(OT' $T, 4H) $H). 

i. 
the  t a r g e t ,  

Choose whether t h e  vehicle i s  t o  be pointed at t h e  horizon or 

j .  Compute ve loc i ty  components for  each maneuver i n  ac t ive  vehicle  
body coordinate system when window is along a l i n e  of s igh t  ( V ~ O  V 8 1 ,  
and V82) .  

k. Compute p i t ch  and yaw of act ive vehic le ' s  body f o r  window t o  be 
along a given l i n e  of s igh t  ($viewy QView), 

1. Compute AV components t o  be applied i n  one d i r ec t ion  at a time 
' 5 R Y  'BR3 and 'BR)' 

m. Delete a l l  log ic  on page 7, 

n. Compute acce lera t ion  of l a t e r a l  t h r u s t e r s  assuming 2 quads 
f i r e  (page 8). 



0 .  Delete V computation (page 8 ) -  e 

p. Delete E ,  I s p  (page 8 ) -  

q. Change t h e  'lVe:O" t o  V8o ( K ,  NS):O, 

r. Set l og ic  t o  operate as an active-passive nomenclature ins tead  
of vehicle  1 being t a r g e t  and vehicle 2 being chaser.  

INPUT CHANGES TO REFERENCE 1 

The following input addi t ions or delet ions a re  required t o  re fer -  
ence 1: 

a. 
at horizon, 1 i f  at t a r g e t ) .  

"Kode" has been changed t o  denote point ing of vehicle  ( ze ro  i f  

b.  NSR * 
Delete T 

I T ,  L ) '  c. Delete cant angle array ( E  

Delete u l lage  times (ATVLL and AT ). 
uLL2 

e.  
w i l l  be used 

Delete t h r u s t e r  choice ( I T ,  and I T 2 ) .  It i s  assumed the  RCS 

f .  Delete t h r u s t  and spec i f i c  impulse a r ray  (TIL, and I 
spIL, L 

It i s  assumed a l l  RCS th rus t e r s  have equal t h r u s t  and s p e c i f i c  impulse. 
Input t he  t h r u s t  and s p e c i f i c  impulse ( T I  

ac t ive  vehicles RCS t h r u s t e r s .  
¶ ) of one of t h e  Lc and Ispl 

Y LC 

g. 

h .  

i. 

Delete l a t e r a l  t h r u s t e r  cant angles (EmT) .  

Delete t h r u s t  value f o r  l a t e r a l  t h r u s t e r  (TLAT). 

Delete a t t i t u d e  mode (ATTI and ATT2). 

j. Input n b b e r  of quads t o  be used f o r  x-axis t h rus t ing  

k .  Input p i t ch  angle between the  window on t h e  ac t ive  vehic le  and 
A$ i s  pos i t i ve  i f  t h e  x-body axis  the  act ive vehicle  x-body axis ( A $ ) .  

has t o  be pi tched up i n  order for t he  window t o  be along a given l i n e  
of s igh t .  
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CHANGES TO REFERENCE 2 

I n  order t o  use the  two-impulse processor ( r e f .  2 )  , it i s  necessary 
t o  input  e i t h e r  t he  times of both the  f irst  and second maneuvers ( t l  and 
t 2 )  or t h e  t i m e  of t h e  f irst  maneuver ( t l )  and the  desired passive vehicle  
travel angle between the  f i r s t  and second maneuvers ( u t ) .  
format requires  t h a t  both t h e  time between t h e  first and second maneuver 
( A t , )  and the  passive vehicle  t r a v e l  angle ( u t )  t o  be displayed. 

If t h e  two maneuver times are input ,  A t R  = t 2  - t l  and u t  = 
NT ( t 2  - t l )  where NT i s  t h e  mean motion of t he  passive vehicle .  

t i m e  of the  f i r s t  maneuver and passive vehicle  t a r g e t  t r a v e l  angle is  

The display 

I f  t h e  

u t  

NT 
i npu t ,  A t  = - , where u t  i s  t h e  input value. 

CHANGES TO SUBROUTINE ROTATE 

I n  modifying t h e  two-impulse display f o r  Apollo, it was necessary 
t o  modify Subroutine Rotate (ref.  3) .  A revised flow chart  i s  included 
i n  Appendix C of t he  i n t e r n a l  note. 

It w a s  advantageous i n  Gemini t o  assume t h a t  t h e  ac t ive  vehicle  
(vehic le  2)  had a r e l a t i v e  coordinate system i n  t h e  d i r ec t ion  of motion, 
down and t o  t h e  l e f t ,  while t he  passive vehicle  (vehic le  1) had a re la -  
t ive  coordinate system opposite the d i r ec t ion  of motion, up and t o  t h e  
l e f t .  A s  long as vehic le  2 was the ac t ive  vehic le ,  t h e  r e l a t i v e  azimuth 
and e leva t ion  t o  t h e  t a r g e t  would be cor rec t  but  i f  vehicle  1 w a s  ac t ive ,  
t h e  computation of t h e  angles would not apply without modification t o  
t h e  log ic .  
system of vehicle  1 i d e n t i c a l  t o  tha t  of vehicle  2. 

All t h a t  w a s  done t o  "rotate"  was t o  make the  coordinate 
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APPENDIX A 

REVISED LOGIC TO COMPUTE RELATIVE QUANTITIES 

FOR THE TWO-IMPULSE DISPLAY 
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APPENDIX B 

REVISED LOGIC TO COMPUTE THE TWO-IMPULSE 

DISPLAY QUANTITIES 
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r i  k = k +  1 
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APPENDIX C 

REVISED LOGIC FOR SUBROUTINE ROTATE 
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